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(54) Surface acoustic wave filter, surface acoustic wave device using the filter, and 
communications device using the filter or the device 



(57) A small pitch electrode finger portion (1 08/1 09) 
having electrode fingers of which the pitch is smaller 
than that of the other electrode fingers is provided in the 
en d of at least o n e ( 1 04) of interdigital transducers which 
is adjacent to the other interdigital transducer (1 03/1 05). 



Moreover, the small pitch electrode finger portion 
(108/109) contains two adjacent electrode fingers 
(110,111/112,113) in at least one position thereof which 
are electrode-inverted so that the polarities of the two 
adjacent electrode fingers are made the same. 
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Description 

Background Of The Invention 

1. Field of the Invention 

[0001] The present invention relates to a longitudinal 
coupling resonator type surface acoustic wave filter, a 
surface acoustic wave device using the filter, and a com- 
munications device using the filter or device. 
[0002] In recent years, the number of subscribers to 
communications devices such as portable telephones 
and the like has increased, and the services of the com- 
munications devices have been more diversified. For 
this reason, communications devices of which the trans- 
mission-side frequency band and the reception-side fre- 
quency band are set near to each other have been in- 
creased in number. Moreover, it is needed to provide a 
desired amount of attenuation in the extreme vicinity of 
a pass band, depending on the types of communications 
devices so that interference between the communica- 
tions devices and other communications devices can be 
prevented. For surface acoustic wave filters widely used 
as band-pass filters in the RF stages of portable tele- 
phones, it has been more intensively required to provide 
a desired amount of attenuation in the vicinity of a pass 
band. 

[0003] Moreover, for the purpose of reducing the 
number of parts contained in such a surface acoustic 
wave filter, it has been more demanded to provide a bal- 
anced-unbalanced signal conversion function, a so- 
called balum function, for the surface acoustic wave fil- 
ter. For this reason, the use of longitudinal coupling res- 
onator type surface acoustic wave filters as band pass 
filters in the RF stages of portable telephones has be- 
come mainstream, since the filters can easily corre- 
spond to the balanced-unbalanced signal conversion 
function. For example, Japanese Unexamined Patent 
Application Publication No. 5-267990 discloses such a 
longitudinal coupling resonator type surface acoustic 
wave filter. 

[0004] In the above-described longitudinal coupling 
resonator type surface acoustic wave filters of the relat- 
ed art, disadvantageously, deterioration of a "shoulder- 
characteristic (the reduction in steepness of a frequency 
characteristic), called transversal response is caused 
on the higher frequency side of a pass band. Therefore, 
there are problems in that attenuation on the higher fre- 
quency side of the pass band cannot be set to be satis- 
factory, although it is required by communications de- 
vices which operate in a PCS system (Personal Com- 
munication System) or the like. As a filter having a large 
amount of attenuation on the higher frequency side of a 
pass band, for example, Japanese Unexamined Patent 
Application Publication No. 10-126212 discloses a lad- 
der type surface acoustic wave device. However, it is 
problematic that the balanced-unbalanced conversion 
function can not be attained by ladder type surface 



acoustic wave filters. That is, according to the related 
art, it has been difficult to produce a surface acoustic 
wave device having a sufficient amount of attenuation 
on the higher frequency side of the pass band and also 
s having a balanced-unbalanced conversion function. 

Summary Of The Invention 

[0005] Accordingly, it is an object of the present inven- 
10 tion to solve the above-described problems and to pro- 
vide a longitudinal coupling resonator type surface 
acoustic wave filter of which the transversal response 
can be considerably reduced compared with a surface 
acoustic wave filter of the related art and with which a 
is balanced-unbalanced signal conversion function can be 
provided. 

[0006] To attain the above-described object, accord- 
ing to the present invention, there is provided a longitu- 
dinal coupling resonator type surface acoustic wavefil- 

20 ter which comprises a piezoelectric substrate, and at 
least two iniertiig>Lal transducers (IDTs) arranged on the 
piezoelectric substrate along the direction in which a 
surface acoustic wave is propagated, at least one of the 
interdigital transducers being provided with a small pitch 

25 electrode finger portion in the end thereof which is ad- 
jacent to the other interdigital transducer, the small pitch 
electrode finger portion having electrode fingers of 
which the pitch is smaller than that of the other electrode 
fingers in the at least one interdigital transducer, the 

30 small pitch electrode finger portion including two adja- 
cent electrode fingers in at least one position thereof 
which are electrode-inverted such that the polarities of 
the two adjacent electrode fingers are made the same. 
[0007] Preferably, the position where the electrode-in- 

35 version is carried out is substantially the center of the 
small pitch electrode finger portion. 
[0008] Also, preferably, the electrode-inversion is car- 
ried out symmetrically with respect to the center of the 
surface acoustic wave filter. 

40 [0009] Preferably, the polarities of the adjacent elec- 
trode fingers contained in the adjacent interdigital trans- 
ducers, respectively, are made different from each oth- 
er. 

[0010] Moreover, according to the present invention, 
45 there is provided a surface acoustic wave device having 
a balanced-unbalanced conversion function which in- 
cludes the above-described longitudinal coupling reso- 
nator type surface acoustic wave filter. 
[0011] Furthermore, according to the present Inven- 
so tion, there is provided a communications device which 
includes the above-described longitudinal coupling res- 
onator type surface acoustic wave filter or above-de- 
scribed surface acoustic wave device of the present in- 
vention. 

55 [0012] The surface acoustic wave filter of the present 
invention is advantageous in that the transversal re- 
sponse is reduced, since two adjacent electrode fingers 
in the small pitch electrode finger portion are electrode- 



2 



§ \ 

3 EP 1 246 359 A2 4 



Inverted, that is, the polarities of the adjacent electrode 
fingers are made the same. Moreover, the longitudinal 
coupling resonator type surface acoustic wave filter is 
advantageous rhai the pass band width can be made 
large, and the transversal response can be reduced, 5 
since preferably the position where the electrode-inver- 
sion is carried out is substantially the center of the small 
pitch electrode finger portion. 

[0013] Furthermore, advantageously, in the longitudi- 
nal coupling resonator type surface acoustic wave filter, 
a ripple can be eliminated from the pass band, and the 
transversal response can be reduced, since the elec- 
trode inversion Is preferably carried out symmetrically 
with respect to the center of the surface acoustic wave 
filter. 

[0014] In addition, the transversal responsecan be re- 
duced in a . -I: wr>r range, since the polarities of the 
adjacent electrode fingers contained in the neighboring 
interdigital transducers, respectively, are preferably 
made different from each other. 
[0015] The surface acoustic wave f liter having a bal- 
anced-unbalanced conversion function according to the 
present invention is advantageous in that the amount of 
attenuation on the higher frequency side of the pass 
band is improved, since the device includes the surface 
acoustic wave filter of the present invention. 
[0016] The communications device of the present in- 
vention is advantageous in that the communication 
qualities are superior and the reliability is high, since the 
device Induces or.glludinal coupling resonator type 
surface acoustic wave filter or surface acoustic wave de- 
vice of the present invention. 

[0017] The above and other features and advantages 
of the present invention will become apparent from read- 
ing the following description of preferred embodiments 
thereof, given by way of example, with reference to the 
accompanying drawings. 

Brief Description Of The Drawings 

[0018] 

Fig. 1 is a schematic plan view showing the config- 
uration of a first embodiment of the present inven- 
tion; 

Fig. 2 is a graph showing the frequency character- 
istic given by the first embodiment of the present 
invention which has the configurator shown in Fig. 

1; 

Fig. 3 is a schematic plan view showing the config- 
uration of an example according to the related art; 
Fig. 4 Is a graph showing the frequency character- 
istic given by the example of the related art which 
has the configuration shown In Fig. 3; 
Fig. 5 is a graph showing the frequency character- 
istic given, on its own, by the longitudinal coupling 
resonator type surface acoustic wave filter accord- 
ing to the first embodiment of the present invention; 



Fig. 6 is a graph showing the frequency character- 
istic given, on its own, by the longitudinal coupling 
resonator type surface acoustic wave filter accord- 
ing to the related art example; 
Fig. 7 is a graph showing the frequency character- 
istic given by the first embodiment of the present 
invention having the same configuration as shown 
in Fig. 1 except that the positions for the electrode- 
inversion are changed to be on the Inner side; 
Fig. 8 is a graph showing the frequency character- 
istic given by the first embodiment of the present 
invention having the same configuration as shown 
in Fig. 1 except that the positions for the electrode- 
inversion are changed to be on the outer side; 
Fig. 9 is a schematic plan view of the first embodi- 
ment of the present invention having a configuration 
different from that shown in Fig. 1 ; 
Fig. 10 is a schematic plan view showing the con- 
figuration of a second embodiment of the present 
invention; 

Fig. 1 1 is a graph showing the frequency character- 
istic given by the second embodiment of the present 
invention which has the configuration shown in Fig. 
10; 

Fig. 12 is a graph showing the frequency character- 
istic given, on its own, by the longitudinal coupling 
resonator type surface acoustic wave filter accord- 
ing to the second embodiment of the present inven- 
tion; 

Fig. 13 is a schematic plan view of a third embodi- 
ment of the present invention; 
Fig. 14 is a block diagram of a communications de- 
vice using a longitudinal coupling resonator type 
surface acoustic wave filter or surface acoustic 
wave device according to the present invention. 

Description Of The Preferred Embodiments 

[0019] Hereinafter, the longitudinal coupling resona- 
tor type surface acoustic wave filter and the surface 
acoustic wave device according to the present invention 
will be described with reference to Figs. 1 to 13. 
[0020] Fig. 1 is a schematic plan view showing the 
configuration of a first embodiment of the present inven- 
tion. In all of the embodiments of the present invention, 
filters for PCS-Rx are described by way of an example. 
[0021] In the configuration of the first embodiment of 
the present invention shown in Fig. 1 , a longitudinal cou- 
pling resonator type surface acoustic wave fitter 1 01 and 
a surface acoustic wave resonator 1 02 are formed on a 
substrate made of 40±5° Y-cut X-propagation LrTa0 3 , 
using Al electrodes. In this embodiment, the surface 
acoustic wave resonator 1 02 is connected in series with 
the longitudinal coupling resonator type surface acous- 
tic wave filter 101. The longitudinal coupling resonator 
type surface acoustic wave filter 101 comprises IDTs 
103, 104, and 105, and two reflectors 106 and 107 ar- 
ranged so as to sandwich the IDTs 103, 104, and 105. 
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A plurality of electrode fingers connected to the ground 
and a plurality of electrode fingers connected to a signal 
line are arranged so as to be opposed to each other in 
each of the IDTs 1 03, 1 04, and 1 05. The surface acous- 
tic wave resonator 1 02 comprises IDT 1 20 and two re- * 
f lectors 1 1 8 and 1 1 9 arranged so as to sandwich the IDT 
120. In the IDT 120, a plurality of electrode fingers con- 
nected to a signal line and a plurality of electrode fingers 
connected to the IDTs 103 and 105 are arranged so as 
to be opposed to each other. It should be noted that in 10 
Fig. 1 , the number of electrode fingers is reduced for 
simplification. 

[0022] As shown in Fig. 1 f small pitch electrode finger 
portions 1 08 and 1 09 are formed in the longitudinal cou- 
pling resonator type surface acoustic wave filter 101. 15 
Several electrode fingers of the IDT 104 adjacent to the 
IDT 103 and several electrode fingers of the IDT 104 
adjacent to the IDT 1 05 having a smaller pitch compared 
with the pitch of the electrode fingers remaining in the 
IDT 1 04 are arranged in the small pitch electrode finger 20 
portions 108 and 109, respectively. The polarities of 
electrode fingers 110 and 111 adjacent to each other in 
the small pitch electrode finger portion 108, and also, 
those of electrode fingers 112 and 113 adjacent to each 
other in the small pitch electrode finger portion 1 09 are 25 
made the same, respectively. That is , the electrodes are 
inverted. Specifically, for example, the polarity of the 
electrode fingers connected to the ground is expressed 
as minus (-), while the polarity of the electrodes connect- 
ed to the signal line is expressed as plus (+). The array 30 
of the polarities (-, +) Is represented by + 1 , the array of 
the polarities (+, -) Is denoted by -1 , and the array of the 
polarities (-, -) or (+, +) by 0. Then, the polarities of the 
electrode fingers in the small pitch electrode finger por- 
tion 1 08 shown in Fig. 1 are arranged in the order from 35 
the left-side end of +1,-1, 0, +1,-1. Those of the elec- 
trode fingers in the small pitch electrode finger portion 
109 are arranged in the order from the left-side end of 
+1,-1, 0, +1,-1. That is, the electrode inversion is carried 
out symmetrically with respect to the center of the Ion- 40 
gitudinal coupling resonator type surface acoustic wave 
filter 101. Even if the electrode inversion is carried out 
unsymmetrically with respect to the center of the filter 
101, it is effective in reducing the transversal response 
according to the present invention. However, a ripple is & 
generated in the pass band. Thus, such a symmetric 
configuration as in this embodiment is desirable. 
[0023] The details of the design of the longitudinal 
coupling resonator type surface acoustic wave filter 101 
are as follows. In the details, the wavelength determined so 
by the pitch of the small pitch electrode fingers is des- 
ignated by XI2, and that determined by the remaining 
electrode fingers is denoted by X1 1 . 



the meshing-width W: 73.9 XI1 
the number of electrode fingers in the IDT 1 03: 1 7 
the number of electrode fingers in the IDT 104: 45 
(of the electrode fingers, 
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the pitch of the six electrode fingers arranged from 
each of the right- and left-side ends is decreased) 
the number of electrode fingers in the IDT 105: 17 
the wavelength XI1 determined by the IDTs: 2.03 u.m 
the wavelength XI2: 1 .85 u.m 
the wavelength XR determined by the reflectors: 
2.06 ujti 

the number of electrode fingers in the reflectors: 
100 

the intervals (114, 117) between the IDTs 103 and 
104 and the IDTs 104 and 105: 0.25 XI1 + 0.25 XI2 
the intervals (115, 116) between the electrodes ad- 
jacent to -»icn oiher determining the wavelengths 
X1 1 and Xi2 in the IDT 104: 0.25 XI1 + 0.25 XI2 
the intervals between the IDTs 1 03, 105 and the re- 
flectors 106, 107: 0.48 XR 
the duty ratio of the IDTs: 0.60 
the duty ratio of the reflectors: 0.60 
the film-thickness of the electrodes: 0.08 X 

[0024] Moreover, the details of the design of the sur- 
face acoustic wave resonator 102 are as follows. 

the meshing-width W: 29.5 X 
the number of electrode fingers in the IDT 120: 401 
the wavelength X (forthe IDT 120 and the reflectors 
118 and 119): 2.03 u.m 

the number of electrode fingers in the reflectors 1 1 8 
and 11 9: 30 

the intervals between the IDT 1 20 and the reflectors 

118 and 119: 0.50 X 

the duty ratio of the IDT 120: 0.60 

the duty ratio of the reflectors 118 and 119: 0.60 

the film-thickness of the electrodes: 0.08 X 

[0025] Fig. 2 shows the frequency characteristic given 
by the first embodiment of the present invention. Fig. 3 
is a schematic plan view showing an example of the re- 
lated art by way of comparison. Fig. 4 shows the fre- 
quency characteristic of the related art example shown 
in Fig. 3. 

[0026] Referring to the configuration of the related art 
example shown in Fig. 3, a surface acoustic wave res- 
onator 202 is connected in series with a longitudinal cou- 
pling resonator type surface acoustic wave filter 201 
similarly to the first embodiment. The longitudinal cou- 
pling resonator type surface acoustic wave filter 201 
comprises three IDTs 203, 204, and 205 and two reflec- 
tors 206 and 207, and small pitch electrode finger por- 
tions 208 to 21 1 are provided in the positions where the 
IDTs 203 and 204 and the IDTs 204 and 205 are adjacent 
to each other, respectively, similarly to the longitudinal 
coupling resonator type surface acoustic wave filter 101 
of the first embodiment. The surface acoustic wave res- 
onator 202 comprises one IDT 220 and two reflectors 
21 8 and 21 9, similarly to the surface acoustic wave res- 
onator 102 of the first embodiment. 
[0027] The details of the design of the longitudinal 
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coupling resonator type surface acoustic wave fitter 201 
of the related art example will be described below. 

the meshing width W: 60.6 XI1 
the number of electrode fingers in the IDT 203: 33 
(the pitch of the four electrode fingers, arranged 
from the right-side end is decreased) 
the number of electrode fingers in the IDT 204: 51 
(the pitch of the four electrode fingers arranged from 
the right- and left-side ends, respectively, is de- 
creased) 

the number of electrode fingers In the IDT 205: 33 

(thepltch of the fourelectrode fingers arranged from 

the left-side end is decreased) 

the wavelength AJ1 determined by the IDT: 2.06 urn 

the wavelength XI2: 1 .88 ujm 

the wavelength XR determined by the reflectors 206 

and 207: 2.06 |im 

the number of electrode fingers in the reflectors 206 
and 207: 100 

the Intervals (212, 214, 215, 217 in Fig. 3) between 
the adjacent electrode fingers determining the 
wavelengths XI1 and XI2, respectively: 0.25 X1 1 + 
0.25 XI2 

the intervals (213, 216 In Fig. 3) between the IDTs 
203 and 204 and the IDTs 204 and 205, that is, the 
intervals between the adjacent electrodes deter- 
mining the wavelength XI2 in the IDTs 203 and 204 
and between the adjacent electro r.fy& jetermining 
the wavelength XI2 in the IDTs 204 any 205: 0 50 XI2 
the Intervals between the IDT 203 and 205 and the 
reflectors 206 and 207: 0.465 XR 
the duty ratio (for the IDTs and the reflectors): 0.60 
the film-thickness of the electrodes: 0.08 XI1 

[0028] The details of the design of the surface acous- 
tic wave resonator 202 of the related art example are as 
follows. 

the meshlng-width W: 49.1 X 
the number of electrode fingers in the IDT 220: 401 
the wavelength X (for the IDT 220 and the reflectors 
218 and 219): 2.04 fim 

the number of electrode fingers in the reflectors 21 8 
and 219: 30 

the intervals between the IDT 220 and the reflectors 
218 and 219: 0.50 X 

the duty ratio (fcr the IDT 220 and the reflectors 21 8, 
219: 0.60 

the film-thickness of the electrodes: 0.08 X 

[0029] The comparison of Figs. 2 and 4 shows that 
the attenuation in the frequency range of 2010 MHz to 
2070 MHz, which is on the higher frequency side of the 
pass band, in the first embodiment accc- t^g to the 
present invention, is improved by about 6 d'.s compared 
with that of the related art example. The reason lies in 
that the transversal response in the first embodiment is 



reduced compared with that in the related art example. 
[0030] Fig. 5 shows the frequency characteristic given 
by the longitudinal coupling resonator type surface 
acoustic wave filter 1 01 of the first embodiment accord- 
5 ing to the present invention oh Its own, that is, without 
the surface acoustic wave resonator 102. Fig. 6 shows 
the frequency characteristic given by the longitudinal 
coupling resonator type surface acoustic wave filter 201 
of the related art example on its own, that is without the 
10 surface acoustic wave resonator 202 . The comparison 
of Figs. 5 and 6 shows that the transversal response 
caused by the longitudinal coupling resonator type sur- 
face acoustic wave filter 101 Is reduced. Thus, it is seen 
that the effects of the present invention are obtained by 
*5 the electrode-inversion in the small pitch electrode fin- 
ger portions 108 and 109 of the longitudinal coupling 
resonator type surface acoustic wave filter 101 . 
[0031] According to the first embodiment of the 
present invention, the position where the electrode in- 
version Is carried out Is provided substantially In the 
center of each small-pitch electrode finger portion by 
way of an example. Next, the frequency characteristics 
obtained when the position of the electrode inversion is 
changed from that of the first embodiment will be de- 
scribed. Fig. 7 shows the frequency characteristic ob- 
tained when the position for the electrode Inversion is 
shifted toward the inner side of the filter compared with 
that of the first embodiment, specifically, when the po- 
larities of the electrode fingers in the small pitch elec- 
trode finger portion 108 are arranged in the order from 
the left-hand side of +1 , -1 , +1 , 0, -1 , while those In the 
small pitch electrode finger portion 109 are arranged in 
the order from the left-hand side of +1 , 0, -1 , +1 , -1 . Fig. 
8 shows the frequency characteristic obtained when the 
position for the electrode inversion Is shifted toward the 
outer side of the filter compared with that of the first em- 
bodiment, specifically, when the polarities of the elec- 
trode fingers in the small pitch electrode finger portion 
1 08 are arranged in the order from the left-hand side of 
+1 , 0, -1 , +1 , -1 , while those in the small pitch electrode 
finger portion 1 09 are arranged in the orderfrom the left- 
hand side of +1 , -1 , +1 , 0, -1 . 

[0032] Referring to Fig. 7, the level of the transversal 
response is deteriorated compared with that shown in 
Fig. 2. Referring to Fig. 8, the transversal response is 
reduced compared with that shown in Fig. 2. However, 
the level of the response near the frequency of about 
21 20 MHz is deteriorated, and moreover, the pass band 
width is decreased. As described above, even If the po- 
sition for the electrode inversion is changed from that in 
the first embodiment, it is also effective in reducing the 
transversal response. However, from the standpoint of 
the wholly balanced electrical characteristics, it is pref- 
erable that the electrode inversion is carried out sub- 
stantially in the center of each small pitch electrode fin- 
ger portion as in the first embodiment. 
[0033] As described above, according to the first em- 
bodiment of the present invention, a longitudinal cou- 
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pling resonator type surface acoustic wavefilter of which 
the transversal response is reduced compared with the 
longitudinal coupling resonator type surface acoustic 
wave filter of the related art can be obtained. In the first 
embodiment, the electrode inversion is carried out in the 
small pitch electrode finger portions of the middle IDT 
of the three IDTs. However, small pitch electrode finger 
portions may be provided in the IDTs on the right and 
left sides of the middle IDT, and the electrode inversion 
is carried out in the small pitch electrode finger portions, 
respectively. By this, the effects of the present invention 
can be also obtained. 

[0034] In the first embodiment, the substrate made of 
40±5" Y-cut X-propagation LITa0 3 Is used, but this is 
not restrictive. The same effects can be obtained when 
substrates made of a 64° to 72° Y-cut X-propagation 
UNb0 3 , 41° Y-cut X-propagation LiNb0 3 , and so forth 
are employed. Moreover, in the above-described con- 
figuration of the first embodiment, the surface acoustic 
wave resonator is connected in series with the three 
IDTs longitudinal coupling resonator type surface 
acoustic wave filter. However, other configurations may 
be employed. For example, by using a two IDTs-con- 
taining configuration, an at least four IDTs-containing 
multi-electrode configuration, or a configuration in which 
the longitudinal coupling resonator type surface acous- 
tic wave filters according to the present invention are 
connected in series in two stages, the same effects as 
those of the first embodiment can be obtained. 
[0035] As shown in Fig. 9, a surface acoustic wave 
filter having an unbalanced-balanced conversion func- 
tion may be provided by changing, In the configuration 
of Fig. 1 , the ground terminal of the IDT in the center of 
the three IDTs to a signal terminal, and connecting the 
signal terminal to upper and lower bus bars for differen- 
tial operation. 

[0036] Next, the configuration of a second embodi- 
ment of the present invention will be described with ref- 
erence to Fig. 10. Fig. 10 is a schematic plan view show- 
ing the configuration of the second embodiment of the 
present invention. 

[0037] The second embodiment has the same config- 
uration as the first embodiment according to the present 
invention except that the electrode inversion is carried 
out for IDTs 303 and 305 in contrast to the IDTs 103 and 
105 of the first embodiment. Thereby, the polarities of 
the adjacent electrode fingers contained in the different 
IDTs, respectively, are made different. 
[0038] The details of the design of the longitudinal 
coupling resonator type surface acoustic wave filter 301 
are as follows. In the details, the wavelength determined 
by the pitch of the small pitch electrode fingers is des- 
ignated by XI2, and that determined by the other elec- 
trode fingers is denoted by XI1. 

the meshing-width W: 64.0 XI1 

the number of electrode fingers in the IDT 303: 1 7 

the number of electrode fingers in the IDT 304: 45 



(the pitch of the six electrode fingers of these elec- 
trode fingers, which are arranged from each of the 
right- and left-side ends, is decreased) 
the number of electrode fingers in the IDT 305: 17 
5 the wavelength XI1 determined by the IDTs: 2.03 \xm 
the wavelength XI2: 1 .85 u.m 
the wavelength XR determined by the reflectors 306 
and 307: 2.06 u.m 

the number of electrode fingers in the reflectors 306 
10 and 307: 100 

the intervals 308 and 31 1 between the IDTs 303 and 
304 and between the IDTs 304 and 305: 0.25 X1 1 + 
0.25 XI2 

the Intervals 309 and 310 between the adjacent 
is electrode fingers determining the wavelengths XI1 
and XI2 in the IDT 304: 0.25 XI1 + 0.25 XI2 
the intervals between the IDTs 305, 303 and the re- 
flectors 306, 307: 0.46 XR 
the duty ratios of the IDTs and the reflectors: 0.60 
20 the film-triickness of the electrode fingers: 0.08 XI1 

[0039] Moreover, the details of the design of the sur- 
face acoustic wave resonator 302 are as follows. 

25 the meshing-width W: 32.0 X 

the number of electrode fingers in the IDT: 401 
the wavelengths X (for the IDT and the reflectors): 
2.03 |im 

the number of electrode fingers in the reflectors: 30 
30 the intervals between the IDT and the reflectors: 
0.50 X 

the duty ratio of the IDT and the reflectors: 0.60 
the film-thickness of the electrodes: 0.08 X 

35 [0040] Fig. 1 1 shows the frequency characteristic giv- 
en by the second embodiment according to the present 
invention. Moreover, Fig. 12 shows the frequency char- 
acteristic given by the longitudinal coupling resonator 
type surface acoustic wave filter 301 on its own. 

40 [0041] According to the second embodiment of the 
present invention, the amount of attenuation on the 
higher frequency side of the pass band is more im- 
proved compared with that of the first embodiment. Es- 
pecially, the amount of attenuation in the frequency 

45 range of at least 2070 MHz is improved by about 8 dB. 
Moreover, as seen in the frequency characteristic of Fig. 
12 which is given by the longitudinal coupling resonator 
type surface acoustic wave filter 301 on its own, the 
transversal response is significantly improved com- 

so pared with that of the first embodiment. 

[0042] Thus, according to the second srnbodiment of 
the present invention, the polarities of the adjacent elec- 
trode fingers contained in the different IDTs, respective- 
ly, are made different, and thereby, the longitudinal cou- 

55 pling resonator type surface acoustic wave filter of which 
the transversal response is further improved compared 
with that of the first embodiment can be obtained. 
[0043] Hereinafter, the configuration of a third embod- 
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iment according to the present invention will be de- 
scribed with reference to Fig. 13. Fig. 1 3 is a schematic 
plan view showing the configuration of the third embod- 
iment of the present invention. 
[0044] In the third embodiment, two longitudinal cou- 
pling resonator type surface acoustic wave filters ac- 
cording to the first embodiment are connected in parallel 
to each other to form a surface acoustic wave device 
having an unbalanced-balanced conversion function 
with an input of 50n and an output of 2Q0Q. The details 
of the design parameters of the longitudinal coupling 
resonatortype surface acoustic wavefllters401 and 402 
and surface acoustic wave resonators -103 and 404 are 
the same as those of the surface acoustic wave filter of 
Fig. 1 except that the meshing width of each of the filters 
401 and 402 and the resonators 403 and 404 is set to 
be half of the meshing-width in the surface acoustic 
wave device of the first embodiment, and the electrode 
inversion is carried out for IDT 405 of the longitudinal 
coupling resonatortype surface acoustic wave filter402. 
The electrode inversion of the IDT 405 of the longitudinal 
coupling resonatortype surface acoustic wave filter 402 
is carried out to reverse the phase by 1 80° with respect 
to an output signal from the longitudinal coupling reso- 
nator type surface acoustic wave filter 401 . However, a 
method of reversing the phase by 180° is not limited to 
the above-described electrode In version. As other 
methods, for example, it is suggestable that the elec- 
trode inversion is carried out for the IDTs 409 and 410, 
not for the IDT 405, the IDT 405 is divided into two parts 
without the electrode inversion being carried out, and 
balanced signals are output therefrom, and so forth. In 
Fig. 13, an unbalanced input terminal 406, and balanced 
output terminals 407 and 408 are shown. 
[0045] In the third embodiment of the present inven- 
tion shown In Fig. 1 3, the longitudinal coupling resonator 
type surface acoustic wave filters according to the 
present invention are connected in parallel to each other 
to form a surface acoustic wave deviro. By this, the sur- 
face acoustic wave device having a large attenuation on 
the higher frequency side of the pass band and having 
a balanced-unbalanced signal conversion function can 
be obtained. 

[0046] The configuration of the surface acoustic wave 
device having a large amount of attenuation on the high- 
er frequency side of the pass band and having a bal- 
anced-unbalanced signal conversion function is not lim- 
ited to that of Fig. 13. Even if the surface acoustic wave 
device has another configuration by which a balanced- 
unbalanced signal conversion function can be attained, 
the same effects can be obtained by using the surface 
acoustic wave filters according to the ."-resent invention. 
[0047] Fig. 1 4 is a schematic block diagram showing 
a communications device 160 using the longitudinal 
coupling resonatortype surface acoustic wave filter and 
the surface acoustic wave device according to the 
present invention. 

[0048] As shown in Fig. 14, a duplexer 162 is connect- 



ed to an antenna 161 . A longitudinal coupling resonator 
type surface acoustic wave filter 164 and an amplifier 
1 65 are connected between the duplexer 1 62 and a re- 
ception-side mixer 1 63. Moreover, an amplifier 1 67 and 
s a longitudinal coupling resonator type surface acoustic 
wave filter 1 68 are connected between the duplexer 1 62 
and a transmission -side mixer 1 66. When the amplifier 
165 corresponds to balanced signals as described 
above, the longitudinal coupling resonatortype surface 
10 acoustic wave filter according to the present invention 
can be suitably used as the above-described longitudi- 
nal coupling resonatortype surface acoustic wave filter 
164. 

[0049] Moreover, the surface acoustic wave device 
configured according to the present invention can be 
disposed instead of the longitudinal coupling resonator 
type surface acoustic wave fitter 164. The surface 
acoustic wave device can be suitably used as well as 
the longitudinal coupling resonatortype surface acous- 
tic wave filter according to the present Invention. 
[0050] According to the present Invention, a surface 
acoustic wave device of which the transversal response 
is reduced can be obtained, since electrode-inversion is 
earned out, that is, the polarities of two adjacent elec- 
trode fingers are made the same as described above. 
Moreover, when the position for the electrode inversion 
is set to be substantially the center of a small pitch elec- 
trode finger portion, the longitudinal coupling resonator 
type surface acoustic wave filter of which the pass band 
width is large and the transversal response is reduced 
can be obtained. 

[0051] The electrode inversion is preferably carried 
out symmetrically with respect to the center of the sur- 
face acoustic wave filter, and thereby, the longitudinal 
coupling resonator type surface acoustic wave filter 
which eliminates a ripple from the pass band and has a 
reduced transversal response can be obtained. 
[0052] Moreover, since the polarities of the adjacent 
electrode fingers contained in the neighboring IDTs, re- 
spectively, are preferably made different, the longitudi- 
nal coupling resonatortype surface acoustic wave filter 
of which the transversal response is reduced in a still 
wider range can be obtained. 

[0053] Preferably, the surface acoustic wave filter ac- 
cording to the present invention is applied for the longi- 
tudinal coupling resonator type surface acoustic wave 
device having p. balanced-unbalanced signal conver- 
sion function. Thus, the surface acoustic wave device 
having the balanced-unbalanced signal conversion 
function of which the attenuation on the higher frequen- 
cy side of the pass band is superior can be obtained. 
[0054] A communications device having good com- 
munication qualities and high reliability can be obtained, 
since the device uses the longitudinal coupling resona- 
tor type surface acoustic wave filter or the surface 
acoustic wave device according to the present inven- 
tion. 

[0055] Further modifications and variations can be 
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made in the detailed embodiments of the invention de- 
scribed above without departing from the scope of the - 
present Invention as defined in the accompanying 
claims. 



Claims 

1. A longitudinal coupling resonator type surface 
acoustic wave filter (1 01 ) comprising 10 
a piezoelectric substrate, and 
at least two interdigital transducers (103-5) ar- 
ranged on the piezoelectric substrate along the di- 
rection In which a surface acoustic wave is propa- 
gated, 15 
at least one (104) of the interdigital transducers be- 
ing provided with a small pitch electrode finger por- 
tion (108/109) in the end thereof which is adjacent 
to the other interdigital transducer (103/105), the 
small pitch electrode finger portion (1 08/1 09) hav- 20 
ing electrode fingers of which the pitch is smaller 
than that of the other electrode fingers in said at 
least one interdigital transducer, 
the small pitch electrode finger portion (108/109) in- 
cluding two adjacent electrode fingers ss 
(110,111/112,113) in at least one position thereof 
which are electrode-inverted such that the polarities 
of the two adjacent electrode fingers are made the 
same. 

30 

2. A longitudinal coupling resonator type surface 
acoustic wave filter (101) according to claim 1, 
wherein the position where the electrode-Inversion 
is carried out is substantially the center of the small 
pitch electrode finger portion (1 08/1 09). 35 

3. A longitudinal coupling resonator type surface 
acoustic wave filter (101) according to claim 1 or 2, 
wherein the electrode-inversion is carried out sym- 
metrically with respect to the center of the surface 40 
acoustic wave filter. 

4. A longitudinal coupling resonator type surface 
acoustic wave filter (301) according to claim 1 , 2 or 

3, wherein the polarities of the adjacent electrode 45 
fingers in the adjacent interdigital transducers 
(303,304/304,305), respectively, are made differ- 
ent. 

5. A surface acoustic wave device having a balanced- 50 
unbalanced conversion function, including the lon- 
gitudinal coupling resonator type surface acoustic 
wave filter according to any one of claims 1 to 4. 

6. A communications device including the longitudinal ss 
coupling resonatortype surface acoustic wave filter 
according to any one of claims 1 to 4, or the surface 
acoustic wave device according to claim 5. 
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